In situ hybridization within wholemount Drosophilaembryos was made routine approximately six years ago by the introduction of digoxigenin-labeled probes (6) . However, methods of digoxigenin detection have been handicapped by a requirement for alkaline phosphatase-conjugated secondary antibodies. A fluorescence in situ hybridization (FISH) technique for wholemount embryos would provide a number of advantages over existing technology. For example, conjugated fluorescent molecules do not diffuse as do the products of the alkaline phosphatase reaction, giving higher resolution staining (1) . The use of fluorescent probes also allows the use of laser scanning confocal microscopy (LSCM). In addition to providing better resolution than conventional microscopes, LSCM also facilitates resolution of internal signals, optical sectioning of the embryo in different planes and reconstruction of sections into three-dimensional images. Overlaps in gene expression patterns observed in double-labeling experiments would also become more distinct with FISH since overlaps generate novel colors. Paddock et al. (4) have demonstrated the power of double-protein labeling in whole-mount embryos using fluorescent probes and LSCM. With FISH, the same approach could be used to monitor overlaps in patterns of mRNA or mRNA and protein.
We describe here a protocol for FISH in whole-mount embryos using a fluorescein-tagged RNA probe. The RNA probe, in turn, is detected with anti-fluorescein antibodies and fluorescein isothiocyanate (FITC)-conjugated secondary antibodies. Signals generated were strong with four of the five probes tested. The fluorescein in the RNA probe itself did not appear to contribute to the signal. Thus, other secondary antibody-conjugated fluorochromes, such as rhodamine or cyanine, could also be used to advantage. Figure 1A shows wingless( wg ) gene transcripts detected by FISH and low magnification LSCM. Figure 1B is a higher magnification LSCM section of the embryo surface showing asymmetric subcellular distribution of the wg transcripts. Note the punctate nature of the signal (not detectable by enzymatic detection) and the nascent transcripts in the nucleus.
Fluorescein-12-UTP (Boehringer Mannheim, Laval, QC, Canada)-labeled RNA probes were synthesized essentially as directed by the manufacturer. Briefly, the 20-µ L reaction contains 1 µ g linearized template DNA, 2 µ L 10 × reaction buffer (0.4 mM Tris-HCl, pH 8.0; 60 mM MgCl 2 , 100 mM dithiothreitol [DTT], 20 mM spermidine, 100 mM NaCl and 1 U/ µ L RNase inhibitor), 2 µ L 10 × NTPs (10 mM each of ATP, GTP, CTP, 6.5 mM UTP and 3.5 mM fluorescein-12-UTP [a manufacturer premade mixture is available; Boehringer Mannheim]) and 1 µ L 20 U/ µ L T3 or T7 RNA polymerase (Boehringer Mannheim). Approximately 5-10 µ g of product were obtained following a 2-h incubation at 37°C with probes ranging from 1.5 kb to 3 kb in size. Template was removed by treating with 1 µ L DNase (1000 U/mL; Boehringer Mannheim) for 15 min at 37°C followed by heating for 15 min at 65°C. Partial degradation of the probe was observed following this step. Further degradation mediated by incubation in carbonate buffer (Reference 2, Protocol 6) was found to be unnecessary and in fact decreased probe activity. Ethanol precipitation was achieved by using 2 µ L of 4 M LiCl (or 2 M final concentration of ammonium acetate) and 60 µ L of ethanol. Pellets were resuspended in 100 µ L distilled water.
Embryos were prepared according to Lehmann and Tautz (Reference 2, Protocol 1A). Paraformaldehyde (4%) was found to be essential for fixation. Embryos fixed with 5% formaldehyde, even EM-grade (JBS-Chem, Pointe Claire-Dorval, QC, Canada), tended to fall apart. Probe (0.5-1.0 µ L) was diluted in 100 µ L of hybridization buffer (HYB: 50% formamide, 5 ×SSC, 100 µ g/mL heparin, 100 µ g/mL sonicated salmon sperm DNA and 0.1% Tween 20), This procedure should also be suitable for fluorescent mRNA/protein double-labeling experiments. The conditions used here for embryo fixation and hybridization are the same as those used previously for double labeling using enzyme-conjugated secondary antibodies (3). Double-FISH labeling, on the other hand, will require the development of a second type of labeled probe, suitable for FISH. Thus far, combinations of digoxigenin-labeled DNA or RNA probes used together with sheep anti-digoxigenin antibodies (Boehringer Mannheim) and anti-sheep fluorescein or rhodamine-conjugated secondary antibodies (Amersham) have not worked in our hands. However, other sources and combinations of antibodies and the use of biotin-labeled probes have yet to be tested. In the meantime, double-mRNA labeling should be possible using a combination of FISH and conventional digoxigenin RNA probe detection. The fluorescent and bright-field images could be superimposed photographically or digitally. Where overlaps occur, the fluorescent signals would be partially quenched. 
